Abstract. Measuring instruments are designed to measure a given physical value, to process the obtained information and forward it to the observer. They are designed to perform specific tasks in specific working conditions and meeting the envisaged requirements. The most important requirement to be met by measuring instruments, is to preserve the established metrological characteristics. The basic and most common instrument for measuring the volume of flowing water is the water meter. Selecting the right water meter in the operating conditions is not an easy issue. The problem has been further intensified by decrease of water consumption which began in the 90s of the twentieth century and continuing to the present day. As a result, there has changed the structure of water consumption in both the residential and industrial applications. In this situation, a right selection of the optimal water meter it is an important case.The article presents the results of research in the field of characteristic flows in the water supply connections in multi-family housing using modern monitoring systems. It has been presented the calculated inequality ratio of water consumption, which can be helpful when designing a plumbing systems. In addition, the structure of water consumption due to the typical flow ranges was determined.
Introduction
The technical progress seen today involve great measuring capabilities that have not been used on such a wide scale until now. There are currently many modern meters for registering water flow on the market. Devices like digital loggers, ultrasound, static, or electromagnetic, together with computer software, make it possible to quickly display detailed monitoring data. The benefits of such methods are significant, including determination of correct water meter selection in a given building or determining the efficiency of internal water supply systems [1] [2] [3] [4] [5] [6] [7] [8] .
The goal of this paper is to investigate actual water flow curves on the water service pipe of a multi-family building under operating conditions as well as to determine non-uniform distribution factors and determine the structure of water consumption according to characteristic intervals describing the accuracy of measuring devices.
Monitoring of water service pipes
The subject of monitoring water service pipes has been present ever since water consumption was first metered in buildings. Since then, recipients have had doubts as to the metered water consumption [2, 5, [9] [10] [11] . As technology developed, so too did monitoring. The development of meter monitoring was researched as the world progressed technologically. George Theodore Paraskevakos was a pioneer in this field, and it was he who invented the sensor-based monitoring system while working for an aircraft manufacturer from Alabama in 1972. At first, this system used digital data transmission. It was used to monitor alarm systems in hospitals, fire safety systems. In 1977, George Theodore Paraskevakos started an enterprise called Metretek Instruments, which is manufacturing remote reading systems and different types of meters under the name Honeywell to this day. Automatic meter reading (AMR) -a telemetric technology involving automatic downloading of data from water, gas, heat and electricity meters and its transmission to a central database for analysis and billing. This is a way to save the human labor associated with visiting residents and reading meters. Both building administrators and residents can gain greater control of water consumption, among other things, through access to current data combined with analysis. AMR technology consists of solutions (including mobile, portable and stationary networks) based on telephone platforms (both wired and wireless), radio transmission (RF) or PLC transmission [12] . The priority underlying the introduction of automatic meter reading was not to minimize costs linked to reading, but to gain the capability of accessing a meter's data, which could not be acquired otherwise. Many water meters are installed in places that are difficult or inconvenient to access, like wells, and it is also necessary to meet with the real estate owner to conduct inspections -so many water companies began to invest in remote reading systems. The development of remote readings introduced monitoring on water service pipes, not limited to just data on water consumption. As technology advanced, it was possible to register additional data from the water meter and archive it. The development of an advanced remote reading measuring structure introduced a new type of water meter, namely ultrasound and electromagnetic water meters. The combination of a traditional water meter and a data reading module led to the creation of a single, modern measuring device, which became a tool for remote control and monitoring of water consumption [9, 10] .
The continuous development of the measuring structure caused the definition of automatic meter reading (AMR) to evolve into advanced metering infrastructure (AMI). Advanced metering infrastructure is an integrated set of components: intelligent meters, modules and communication systems, concentrators and loggers, enabling two-way communication via various media and technologies between the central system and selected meters. Such a network makes it possible to gather data on the consumption of individual recipients, transmit control signals to devices and configure them remotely [12] .
Water meters in advanced metering infrastructure are called smart meters because they process gathered data. Such metering on water service pipes forms an entire metrological network that facilitates water management. The operation of such a monitoring network provides time savings thanks to the speed of reading a water meter and limits apparent losses, which include unauthorized consumption [1, 2, [13] [14] [15] [16] [17] .
Apparent losses are mainly the result of low accuracy of measurement of the volume of flowing water and non-simultaneity of readings of devices registering the amount of water supplied to the system (main water meter) and consumed by recipients (sub-meters on premises) [1, 2, 9, 10, 16] .
Actual losses are mostly the result of a poor technical condition of the water supply system. Failures of a system's pipes, joints and fittings have the greatest impact on the size of these losses.
Benefits of an advanced water service pipe monitoring system: -precision of flow readings, -many parameters that can be read, -leak detection in the system.
Despite such great technological expansion in the field of water service pipe monitoring systems in recent years, there are countries that ban the development of this technology. In India, there are many legal barriers relating to operation on radio frequencies, regardless of signal strength [8] .
Research methodology
Monitoring of water consumption was conducted in multi-family buildings using static water meters with iPERL remnant field technology from Sensus ( fig. 1) . The development of the patented remnant field technology has made the next generation of mag meter technology possible. Remanence is the magnetization left behind in a material after the external magnetic field is removed. Remanent (or residual) magnetic field technology effectively helps solve the power demands of traditional mag meter technology to serve as a viable option for the residential market. The new metering technology uses a pulse of energy to magnetize small strips of remanent material. The magnetic field is reversed each time a pulse of energy is emitted to magnetize the material, thereby inducing voltages of opposite polarity on each field flip and eliminating the effects of electrode offset which can interfere with measurement accuracy. The design of the front-end amplifier and sigma-delta analog to digital conversion contribute to improved low flow measurement accuracy over traditional battery-powered mag meters. This is critical for the detection of leaks, which is important for both the consumer and the utility company. The remanent material holds its magnetic field strength without requiring continual current consumption. In fact, remanent technology meters also conserve energy by employing low frequency field flipping to switch the magnetic field. As a result, the energy required to power the meter over the course of its lifetime is significantly reduced. This allows the meter to be powered by a traditional battery cell for the 20-year life span required for the residential market. Another key advantage of sigma-delta analog to digital conversion is the ability to continuously record flow with no gaps in measurement. This is a significant advantage for a residential water meter where the flow is frequently intermittent [18] .
8 multi-family buildings located in the Northeast of Poland were studied. Flowrate measurements on the water service pipe covered a period of 4 months.
An exemplary diagram of one month digital recording in one of the tested buildings, shown on figure 2. 
Analysis of test results
Analysis of hourly water consumption as a percentage in the studied buildings shows that flowrates up to 0.25 dm 3 /h had the greatest share. Together, they make up approx. 82% of all minimum flows on the water service pipe. The detailed distribution of minimum flowrates depending on intervals describing the class of measuring devices installed on the water service pipe is presented in figure 3 . Based on the analysis, the amount of apparent losses can be determined depending on the minimum volume stream. Apparent losses consist of unauthorized consumption -e.g. theft as well as losses occurring as a result of incorrect measurements and readings. The actual distribution of the minimum volume stream presented above may serve as the basis for selecting water meter's for water service pipes to multi-family buildings, and thus minimize apparent losses.
The demand for and consumption of water by its recipients is not uniform throughout the year, and it is subject to seasonal, monthly and daily fluctuations. A series of factors affect these fluctuations, including geographical location, time of the year, weather conditions and time of day. Just as there are annual, monthly and weekly fluctuations, daily fluctuations of water distributions also occur.
Daily (Ndp) and hourly (Nhp) non-uniformity were determined over the course of monitoring of water flowrate in service pipes. Factor values were calculated from the following formulas: -daily non-uniformity under measuring conditions:
-hourly non-uniformity under measuring conditions: Table 2 . Value of hourly non-uniformity factor in the studied multi-family buildings.
Nhp for 25% -75% fit Mean value Median
3.20-3.42 3.31 3.32
From the perspective of water meter selection, hourly flowrates are more meaningful, as they reflect actual maximum flows to be expected on a given water service pipe rather accurately. Thus, the hourly non-uniformity factor, determined under actual conditions, can be used to determine maximum flowrate and may serve as the basis for determining maximum flowrate on the service pipe and for water meter selection.
The next stage of analysis of the test results was to determine actual cold water consumption values per resident. Water consumption may differ in every household depending on appliances and awareness of how to save on utilities. Monthly and daily values of water demand per resident are presented in figure 4 and figure 5. Unit water demand factors make it possible to calculate total water demand in the entire building. The monitored buildings had a mean monthly consumption equal to 1.52 m 3 / resident·month. To determine the actual water flowrate on the water service pipe of a building that is under construction in a manner that may serve for selecting a water meter with the proper measuring accuracy and thus contribute to limiting apparent losses, measured values should be multiplied by the number of residents, in a manner accounting for the time horizon.
Summary
Thanks to monitoring of quantities like minimum, mean and maximum volume stream, as well as water consumption, it can be assessed whether a given system is working correctly and measuring devices have been selected properly. Monitoring is the chief diagnostic tool for control of water distribution, stabilizing water meter management and allowing for rapid reaction in the event of emergencies and over the course of planned operations.
Monitoring a water service pipe in a multi-family building will make it possible to learn about the structure of water consumption, in detail, according to the intervals defining the
